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• LANSCE

• Chi-Nu Detectors and Measurements

• Neutron Scattering Measurements with Chi-Nu Detectors

• Future Neutron Scattering Measurements



The LANSCE Accelerator
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• Lujan Target
– Moderated neutron target
– Thermal – ≈MeV neutrons
– Proton beam travels down
– Flight paths perpendicular to p beam

• WNR Facility
– Unmoderated tungsten target
– Different flight path angles to p beam
– Can obtain different flux shapes



The Chi-Nu Arrays
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The Chi-Nu Experiment
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The Chi-Nu Experiment
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Combined PFNS Result from Eout
n =0.01–10 MeV
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• Li-glass and LS measurements carefully combined
• Covariances preserve the combined shape of the PFNS
• Very similar analysis applied for all Eincn though...

– Strong correlations exist between results at all Eincn values!
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• Li-glass and LS measurements carefully combined
• Covariances preserve the combined shape of the PFNS
• Very similar analysis applied for all Eincn though...

– Strong correlations exist between results at all Eincn values!



Combined PFNS Result from Eout
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• Li-glass and LS measurements carefully combined
• Covariances preserve the combined shape of the PFNS
• Very similar analysis applied for all Eincn though...

– Strong correlations exist between results at all Eincn values!



Single Covariance Matrix for Whole Data Set

LA-UR-21-XXXXX UNCLASSIFIED 10/18/2021 | 10

• Any issue with a single Eincn leads to a change in all data points
• Necessary for accurately interpreting the collective results



Correlations Across Einc
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• Had never been reported for an
experiment before Chi-Nu

• 〈E〉 values are highly correlated



Liq. Scint. for Initial n Scattering Measurements
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n-γ Coincidences Above Random Backgrounds

LA-UR-21-XXXXX UNCLASSIFIED 10/18/2021 | 13

• Random coincidence rates derived
form Poisson probabilities for
uncorrelated detection rates †

– true coincidence rate must be low
• Calculate the total probability for:

1. Detecting a γ at time tγ
2. Not detecting n over coinc. time

tn − tγ
3. Detecting n at time tn

Coinc. Rate = rb = rγrn∆t

⇒ b =
γn

Nt0

with γ, n = counts

• Works remarkably well here, but
what are the backgrounds?
†O’Donnell, NIMA 805 (2016) 87



Extract n, γ, and Correlated n-γ Distributions
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Measurement of 9Be and 56Fe Neutron Scattering ...
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Figure 4: Experimental results for n, �, and correlated n-� angular distributions for measurements of
neutron reactions on natural carbon as described in the text are shown in panels (a), (b), and (c), respec-
tively. Panels (a) and (b) correspond to an incident neutron energy of ⇡ 14 MeV, while panel (c) corre-
sponds to ⇡ 6.25 MeV. Recent ENDF/B-VIII.0 [2] and relevant literature data are shown where applicable.
The correlation matrices calculated from the experimental result covariance matrices are shown in panels
(d), (e), and (f) for the n, �, and correlated n-� distributions at E inc

n ⇡ 14 MeV.

the environmental neutron detector response. Additionally, these same carbon data were ultimately
analyzed to produce n, �, and correlated n-� angular distributions for incident neutron energies from
6.5–16.5 MeV for carbon inelastic scattering to the first excited state, i.e., the 12C(n,n01) reaction,
and the associated covariances were calculated for each of these distributions. Examples of each of
these distributions and a representative covariance matrix are shown in Figs. 4a–4f. These carbon
results are summarized in Ref. [25], soon to be submitted to the journal Physical Review C. As
stated earlier, correlated n-� measurements are essentially nonexistent for all nuclei, though a few
low-statistics measurements exist for 12C [8, 9, 10]. Thus, essentially all measurements of these
correlated distributions are entirely new, and can be vitally informative for extracting accurate in-
elastic scattering cross sections. Finally, elastic scattering appears in the data as a �-anticoincident
neutron yield, and thus elastic scattering cross section can be extracted after proper treatment of
the accidental detection of inelastic or other neutron detections.

While liquid scintillators are clearly capable of producing high-quality results, they have pro-
hibitive limitations for extensions to more complicated nuclei. First, the PSD capabilities of liquid
scintillators are generally limited to neutron energies from ⇡0.5–12 MeV or so, and thus there must
a cut placed on the data to eliminate overlapping neutron and �-ray counts. Second, the �-ray
energy resolution of liquid scintillators is very poor, making the identification of any specific �-ray

3



Corr. n-γ Distributions for Wide Range of Einc
n
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CoGNAC Array of CLYC Detectors for Scattering
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Summary
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• Chi-Nu: Mature capability to measure PFNS over a wide range of
Eincn and Eoutn at WNR

• CoGNAC: Developing capability for precise measurements of
neutron scattering cross sections and angular distributions using a
highly-segmented CLYC detector array

• Complimentary analysis approaches and techniques

—————————————————————

• Funded US DOE under Contract No. 89233218CNA000001
• Initial scattering work funded by LDRD Project 20190588ECR
• Meas. and Dev. funded by LDRD Project 20210329ER
• γ-production cross section measurements funded through Prop. ID

0000260569 submitted to DE-FOA-0002440


